Liquid crystals, due to their large dielectric anisotropy, respond very sensitively to application of an external electric eld, whereas they are only weakly sensitive to the magnetic eld. A possible way of improving that sensitivity is doping liquid crystals with magnetic nanoparticles. As a result, stable colloidal suspensions of liquid crystals with relatively low concentrations of magnetic nanoparticles (called ferronematics, ferrocholesterics, ferrosmectics, etc.) can be produced. We illustrate some examples of the inuence of the magnetic eld, as well as of a superposition of magnetic and electric elds on the structural transitions (e.g. on the Fréedericksz transition) in ferronematics based on the calamitic liquid crystal 4-(trans-4'-n-hexylcyclohexyl)-isothiocyanatobenzene (6CHBT). It is shown that the samples respond to the applied magnetic eld of low strength. The eects of the magnetic particles and magnetic eld on the nematic to isotropic phase transition temperature are discussed as well.
Introduction
Liquid crystals (LCs) are a class of soft condensed matter characterized by uidity, a long-range orientational order and a resulting anisotropy of the physical properties. This anisotropy makes liquid crystals behave dierently compared to ordinary uids when subjected to external stresses, and thus serves as the basis for their successful commercial exploitation. Typical devices, which utilize the anisotropic optical properties of LCs, are the widely used liquid crystal displays.
In the past decades many liquid crystalline mesophases have been identied [1] . The simplest of them is the nematic phase, where the long axes of individual molecules are oriented in about the same direction (characterized by a unit vector n called the director), however, without any positional order of their centers of mass.
One of the most important early ndings related to
LCs was that they can be controlled by external elds.
Their reorentational response typically has a threshold behaviour an eect described by Fréedericksz [2] and named after him as the Fréedericksz transition. Liquid crystals can be (re)oriented with electric or magnetic elds due to the anisotropy of their dielectric permittivity (ε a ) or diamagnetic susceptibility (χ a ), respectively [1] .
As the dielectric anisotropy of liquid crystalline materials is of the order of unity, thus in conventional devices * corresponding author; e-mail: kopcan@saske.sk the required driving voltages are of the order of a few volts. In the case of applied magnetic eld, however, LCs are much less sensitive: due to their very low anisotropy of the diamagnetic susceptibility (χ a ≈ 10 Ferronematics are stable colloidal suspensions of ne magnetic particles in nematic liquid crystals. They are a manifestation of the idea of Brochard and de Gennes [3] , who suggested that doping liquid crystals by ne magnetic particles may enhance their sensitivity to magnetic elds. The most essential feature of these systems is a strong orientational coupling between the magnetic particles (their magnetic moment m) and the liquid crystal matrix (the director n). Based on the experiments, which excluded the presence of parallel orientation of m and n in some thermotropic ferronematics, Burylov and Raikher improved the original idea [46] . Their theory considers the nite value of the surface density of the anchoring energy W at the nematic magnetic particle boundary. W and the parameter ω, which is dened as the ratio of the anchoring energy to the elastic energy of the liquid crystal (ω = W d/K, where d is the size of the magnetic particles and K is Frank's orientational elastic modulus), determines the type of anchoring of the nematic molecules on the surface of magnetic particles.
For ω 1 there is a rigid anchoring, where m n. Soft anchoring is characterized by ω ≤ 1 and, unlike rigid anchoring, permits both m n and m⊥n boundary conditions.
(157)
The paper presents an overview of the experimental observations on structural transitions in ferronematics based on the liquid crystal 4-(trans- 
Materials and methods
All studied ferronematic samples were based on the thermotropic nematic 6CHBT which is an enantiotropic liquid crystal with high chemical stability [7] .
The nematic-to-isotropic phase transition temperature (the clearing point) of the studied nematic is T N I = 42.8 Hagerling (the accuracy at 1 kHz is 0.8 aF). During the measurements an external magnetic eld was applied parallel with the capacitor electrodes.
Experimental results
One of the most important questions solved in the theory of ferronematics is the problem of the equilibrium orientation of a magnetic particle, i.e. the direction of its magnetic moment m in the nematic matrix. Burylov and Raikher derived in their theory [6] an approximate relation between the critical eld H CLC of the nematic host and the critical eld H CFN of the ferronematic
Here d is the mean diameter of the magnetic particles, Φ is their volume concentration in the liquid crystal, µ 0 is the permeability of vacuum, and χ a is the anisotropy of the diamagnetic susceptibility of the host liquid crystal. Both H CFN and H CLC can be measured experimentally. Using χ a = 4.805 × 10 In the undoped 6CHBT the magnetic Fréedericksz transition starts at 2.63 T. Due to doping, the Fréed-ericksz threshold is shifted to lower values, but it is still higher than 1 T (see Fig. 1 ). Figure 3 shows the variation We have demonstrated that both the threshold of the magnetic Fréedericksz transition and the dielectric response to low magnetic elds (far below the Fréedericksz transition) depend not only on the volume concentration of the magnetic particles, but also on the size of the particles. According to our results, the larger is the particle, the bigger are the eects (i.e. larger decrease of the threshold of the Fréedericksz transition and a more pronounced linear response to low magnetic elds).
Magnetic-eld induced isotropic to nematic phase transition in ferronematics
It has long been known that there exists a possibility in liquid crystals for an external eld to substantially alter the nematic-isotropic transition temperature [14 16 ]. Nevertheless, the eect could not be induced by magnetic-eld [17] until recently [18] .
The principal reason is that the estimated critical elds 3.6. The structural transitions in 6CHBT-based ferronematic droplets
Another study [20] was inspired by the work of Kedziora et al. [21] , where a coexistence of nematic and isotropic phases was observed in 6CHBT dissolved in a nonpolar medium (benzene) in the vicinity of the isotropic-to-nematic phase transition temperature.
Due to the existence of a short-range orientational order of the mesogenic molecules (6CHBT), pseudonematic domains (droplets of 5001000 nm in size depending on the temperature) were formed in the isotropic phase.
The size of these droplets increased, as the temperature of the liquid decreased. We performed a similar experiment with the nematic liquid crystal 6CHBT mixed with phenyl isocyanate (that is less volatile than benzene) doped with spherical magnetic nanoparticles. The observations of the ferronematic droplets by polarizing microscope showed a similar behaviour as found for undoped droplets.
The transition from isotropic to nematic phase via this two-phase droplet state was observed by capacitance measurements. The mixture of 6CHBT and phenyl iso- Our experimental results obtained from samples mixed with phenyl isocyanate suggest that the temperature interval, in which the isotropic-to-nematic phase transition occurs via droplet state (i.e. the width of the two-phase region), increases as the external magnetic eld increases.
